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I

History
On February 12, 1892, Dmitri Iwanowski presented
his paper,
Plant 11

,

11

On the Mosaic Disease~ of the Tobacco

before the Academy of Science at St. Peters-

burg, Russia .

With one rather hidden sentence he cre-

ated a vast new field of scientific endeavor--"Yet I
have found that the sap of leaves attacked by the mosaic disease retains its infectious aualities even after

filtration through Chamberland filter candles" (91).
Little did Iwanowski realize the potentialities of his
discovery, for at the same time he adhered to the belief that the disease had a bacteriological etiology,
and he suggested a flaw in the filter as being the cause
for his observation.
Iwanowski I s statement stimulated no further research, and _man awaited 1898 for Beijerinck•s discovery
of a filter-passing entity causing tobacco mosaic disease (89) before he began to delve into the mysteries
of the virus.

Not being able to demonstrate any visible

agents as the cause of the tobacco pl ant disease, Beij erinck advanced his contagium vivium fluidum theory of

etiology (51) and thereby produced a new etiological
classification for disease (33)--the virus diseases.
ater in 1898, Loeffrer and Frosch disco vered the
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first animal virus when they isolated the filter-passing agent of foot-and-mouth disease of cattle (28). In
the years that followed, many virus diseases were discovered; but the nature of the virus remained a stationary problem until 1920, when de 1 Herelle described the
bacterial virus and thereby introduced a virus which was
easily studied (~.

The most recent great discovery

was

Stanley's (88) isolation, in 1935, of a crystalline protein from the tobacco mosaic plant, to which all the

attributes of the virus itself are accredited.
II

Definition
After Beijerinck 1 s discovery in 1898 that the tobacco mosaic disease was caused by an agent which passed
through a bacteria,..retaining filter, the term virus no
longer retained its original meaning of poison (89).
Virus became the term applied to the filter-passing
agents of various diseases.

As experiment followed ex-

periment, research workers realized that even the a.bility to pass bacteria,..restraining filters no longer was
sufficient t o definitely separate the virus from ali
other disease-producing organisms.

For example, ten-

nette (60) states that some infectious agents possessing
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a11 the attribute-sofa virus are visible and approximate the smallest bacteria in size, whereas others pass
with difficulty, or not at all, filters which permit
passage of the smallest bacteria.

For this reason, the

virus is now described not by one property , but by several properties.
The properties of viruses are the only means of
definition.

The absence of a synonym, such as micro-

organisms in the case of bacteria, does not permit a
true definition.

A virus is described for what it does,

rather than for what it is.

Furthermore, as Schwartzman

(83) points out, the definition of a virus is hindered
because these agents are grouped in one large classification within the confines of which the particles themselves are widely different in nature.

And yet, the

general usage of the term virus is even more lax than
the definition; therefore, it is essential that, first,
a simple definition be given, second, the definition be

enlarged in great detail, and final l y, comparisons and
differentiations be given to known entities such as bacteria, enzymes, genes, molecules, and parasites.
Simple Definition
Viruses may be simply defined as submicroscopic
infectious agents capable of producing disease in plants,
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bacteria, insects, and animals.

They are characterized

by (1) their ability to pass bacteria-retaining filters,
(2) their inability to multiply outside the host cell,
(3) their usual production of cytoplasmic or nuclear
inclusion bodies, and (4) their immunological reactions.
The development of the electron microscone has altered the exactness of the first criterion. As has been
pointed out, filtrability is no absolute criterion.
The inability to multiply outside a given host cell is
only a relative standard, because some bacteria, such as
Hemophilus influenzae and Pasteurella tularensis, have
become so parasitic that their nutritional requirements
are met only by media containing animal tissues or tissue extracts (60).

The production of inclusion bodies

is unique, but is not observed in all virus diseases
(83).

Immunological reactions are specific, but re-

search work has uncovered the reactions of but a few
viruses; therefore, science is not ready to apply this
measure as an exact method of differentiation.

The

first conclusion of this paragraph is that considerat i on
of the properties of a virus in aggregate is sufficient
to determine its presence, whereas the observation of a
single characteristic of a virus is not conclusive of
its presence .

It maybe further concluded that although
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the definition of a virus is broad and fluctuant, it
definitely places the virus in a category distinct from
all other infectious agents.
Fil trabil it y
The filtrabili ty of a virus, the first property
mentioned in the definition , was once the final criterion for determining the presence of a virus.

Even to-

day these agents are often called filter-passing organisms.
The Chamberland and Berkefield silica filters are
practically discarded by virus research workers at the
present time for the following reasons.

First, the

pore size is not the sole factor which determines whether
or not particles in suspension will pass.

Electrical

charges on the particles and on the pore walls alter the
passable size (33).

Second, the pores vary tremendouely

in size (63).
Artificially prepared collodion membranes are used
quite extensively today in the filtration of viruses

(83).

Detailed information on this subject will be pre-

sented later in this thesis.
Specificity
The second property of a virus, the inability to
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multiply outside the host ' cell, is so characteristic
that most workers consider this to be one of the most
unique of all virus properties.

As yet, no virus has

been propagated on non-living materi al (33).
Not only does the virus demand a living cell for
multiplication, but it also usually requires a specific type of tissue.
Called tropism.

This phenomenon of specificity is

A dermotropic virus, such as the com-

mon wart, vaccinia, variola, varicella, or molluscum
contagiosum, is one which invades the skin (102).

A

neurotropic virus, such as rabies, poliomyelitis, Borna
disease, and St. Louis encephalitis, is one which tends
toward affinity to the nerve tissues (83).

The virus

of mumps (parotid gland), of influenza and psittacosis
(lungs), and of trachoma (eye) would be organotropic
(102).

Hemotropic viruses would be those causing leu-

kemia of chickens and infectious anemia of horses (102).
Another type of specificity is host specificity
(31).

Given a group of viruses, the host range will

vary from many to only one.
infect any bird or mammal.

The virus of rabies will
The horse, the ground

squirrel, and the pheasant can propagate the equine
encephalitis virus.

Canine distemper virus is re-

stricted to three related families--the weasel, the

-7-

raccoon, and the dog.

Those tumors caused by viruses

show the greateet amount of host specificity; for example, the rabbit papilloma will multiply only within
certain members of the rabbit family.
Often specificity is even keener than the demand
for a specific tissue and a specific host, because, as
Thygeson (102) states, some viruses, such as herpes
simplex, grow best on actively multiplying cells, whereas other viruses, such as vaccinia, prefer resting
states.

In summary, virus specificity requires living

cells, given tis sues, particular hosts, and various
states of tissue activity.
The mechanism by which a virus reproduces is not
understood (95).

Delbruck and Luria (22) state that

the growth of bacteriophage, the bacterial virus (62),
11

may be said to proceed behind a closed door".

By

their use of the electron microscope they have followed
the virus up to the moment it enters the bacterial cell
wall and again after liberation from the cell.

Luria,

Delbruck, and Anderson (62) claim that electron micrographs prove that the virus is adsorbed on the cell
all and that reproduction occurs either by one virus
entering the cell or by the virus particles acting
through the cell wall.

Infection of E. coli by its
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bacteriophage is fol\owed by lysis of the bacterium
v.ri th 1 iberat ion of a large number of new virus part icles from the interior of the cell (62).
The few facts that are definitely known about
virus multiplication are given above; it is now essential that the theories about the mechanism of reproduction be presented.

In general, there are two opposing

schools of thought (28).

One school believes that re-

production is a vital activity, such as that seen in
bacteria.

The other school maintains that reproduction

is the result of the interaction between the viruses
themselves and the cells they alt er.

The latter idea

is in close coordination .with the molecular theory of
the nature of viruses, · which will be presented later.
Barnard and Elford (7), siding in with the vital
activity hypothesis, suggest that elementary bodies of
vaccinia, generally considered to be the actu~l virus,
re produce by fission.

Using ultraviolet light they

have obtained a series of photographs which indicate
that as the virus elongates before division, there is
an increased density of the more refractive cell membrane at the poles, and a thinning, suggesting a condition of strain, in the middle.

Sulkin (98) also

claims direct microscopical evidence that at least some
of the larger
viruses- multiply by binary fission, just
I
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as do bacteria.
In line with the vital activity conjecture, Delbruck and Luria (22) have postulated the "key-enzyme"
theory.

This theory grew from their observation that

a bacterial cell simultaneously infected with bacteriophage alpha and bacteriophage gamma will support only
the virus gamma; yet when the bacterium is infected with
either bacteriophage alone, it will grow.

They inter-

pret this phenomenon as a competitive race for a bacterial enzyme necessary for the growth of either bacteriophage, the result being the growth of the successful virus, which hoards all the enzyme from the unsuccessful virus.

The key-enzyme theory infers that the

virus has reached such a complex state of parasitism
that it requires the use of host enzyme systems.
Within recent years the major i ty of scientists
have ·agreed with Stanley's macromolecular theory (95)
of the nature of viruses.

This theory presupposes that

reproduction is a purely chemical, rather than a biological phenomenon.

One idea is that the host cell con-

tains a precursor of the virus particle, ~hich, upon
infection of the cell with a virus particle, is promptly
converted into a virus (50).

Stanley (89) claims that

forces between molecules act over distances as great as
seven hundred Angstrom units and that it therefore seems
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possible that the !irue molecule may cause orientation
and alignment of subunits found within the bacteria
into a stable form.

Since Stanley and Anderson (96)

have found some rather short virus particles in microphotographs of tobacco mosaic virus, they postulate that
these may represent partially synthesized viruees.
Northrop (70) is inclined to believe that the multiplication of viruses is analogous to the autocatalytic
formation of pepsin and trypsin.

Bergman (14) has

shown that a catalyst is capable of synthesis of peptide linkage; since proteins are formed by this linkage,
it is but a step to visualize a protein re producing itself by causing smaller intracellular molecules to combine to form a new virus protein molecule (92).

Stan-

ley (95) also philosophizes that the virus may enter
into the metabolic chain of events within a cell and so
alter chemical changes as to cause replicas of itself.
Since the

11

vital activity" workers have used the

larger, more-bacteria-like viruses, and since Stanley
and his followers have dealt with the small plant viruses, it may be that there is no conflict of theorie~.
Rather, it may be that the smaller .viruses do multiply
by autocatalytic means and that the larger viruses reproduce much like bacteria (98).

-11Production of Inclusion Bodiee
The third property of most, but not all, viruses
is their production of inclusion bodies.

AS

yet, no

plant virus has been discovered which produces inclusion bodies; furthermore, not all animal viruses produce inclusion bodies (83).

Inclusion bodies may be

defined as intranuclea.r or intracytoplasmic units which
are found in cells infected with certain viruses and
which are characterized morphologically by a homogenoue
matrix (102), within which are found numerous small
granules, called elementary bodies (28).

The actual

shape, size, and staining reactions of these bodies will
be described elsewhere in this section.
Inclusion bodies were first described by Renout in
1881; but since he gave no data with his observation of
sphericaJ. globules within cells infected with vaxiola,
he is not given full credit for this discovery (25).
Guarnieri bodies of variola were so named after the man
who adequately described them in 1892 (25).

Guarnieri

believed them to be independent living organisms of a
parasitic nature (17).

Ewing (23) thought the inclu-

sion bodies were nuclear in origin, since
as nuclear elements".

11

they stain

In 1926, Ludford and Findlay (61)

concluded that intracellular inclusions were cellular
products, beca\l.se the morphological sequence of the
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infective - stages_was, in their opinion, indicative of
the reaction of the cell to the virus; however, they
reported no definite experiments.
Elementary bodies were discovered in 1887 by the
sharp eye of Buist, who worked on tissue infected by
vaccinia (17).

It remained for Paschen, in 1906, to

stimulate scientific attention toward this aspect of
virus research (17).

Both Paschen and Buist consid-

ered the elementary bodies to be t he actual viruses.
The history of inclusion and elementary bodies has
proven to the reader that the nature of these bodies is
a highly controversial subject.

In general, however,

the theories are as follows:
1.

They are living organisms, usually regarded as

protozoa (25).

In 1931, Ledingham proved the authenti-

city of Paschen 1 s view that elementary bodies were the
actual virus particles, thereby discounting the parasitic theory and establishing the fact that the bodies,
or at least some elements within the bodies, formed the
viruses (58) (59).

By proving that suspensions of

vaccinia and fowl-pox inclusion bodies were agglutinated by the sera of fowls and rabbits which had recovered from fowl-pox or vaccinia respectively, Ledingham
established the correlation between the virus and the
inclusion bodies.

At the same time, Ledingham also
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concluded, without definite proof, that the elementary
bodies within the inclusion bodies were the virus.
2.

They are solely products of metabolism or de-

generation evoked by infection from the virus (86).
Goodpasture, Woodruff, and Buddingh (29), however, disproved this idea in 1932 by providing secure evidence
that the inclusion bodies contained the elementary
bodies and that the latter were probably the actual
virus.
3.
(28).

They are wholly or in part the actual virus
Von Prowazek first held this theory (17), and

since it is the most likely 9f all the ideas presented,
it will be fully expanded in the following paragraphs.
Four laboratory techniques provided the stepping
stones which led the way to research establishing the
relationship of the element a:ry body and the inclusion
body.

The first procedure was Bland and Canti I s (16)

demonstration, in 1935, of the possibility of observing
the process of intracellular development and multi plication of vaccinia virus in the living chick embryo
cell.

The second technique was Nauck and Robinow 1 s

discovery that the inclusion bodies of vaccinia could
be easily observed in cultures of rabbit's cornea (17).
The third discovery was Woodruff and Goodpasture 1 s (103)
use of the mi~rodissection apparatus to isolate a single
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inclusion body from cellular material removed, by tryptic digestion , from their preparation of chick embryo
cells, the removal being rendered possible through
trypsin's ability to digest cellular material without
harming the inclusion body.

The fourth technique was

a method of removing the matrix from t he inclusion body
by placing the body in di stilled water and by then
putting it through a rapid drying process, thus separating the matrix from the elementary bodies (103).
Bland and Canti (16) described the appea~ance of
a living psittacosis virus by using dark ground illumination.

They were able to note the presence of a virus

within the cell in from eighteen to twenty-four hours
after infection.

"At this time there appear in the

center of the cell circumscribed, round, or ovoid areas
etched with a network of faint lines and markings. These
markings are circular, and the areas are colonies of
rings, each with slightly less than one micron diameter.
In from twenty-six to twenty-seven hours the rings become increasingly distinct, and they become thickened,
but smaller in diameter.

Development proceeds rapidly,

and at thirty-one hours some of the rings cease to be
and appear as minute, brilliant points of light.

These

bright dots increase in number until by the forty-eighth
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hour the coloni.es are largely composed of them.

With

the appearance of the bright dots, the hitherto motionless elements composing them develop aglight oscilla,t ory movement, the amplitude and violence of which
rapidly increase to a maximum, a process accompanied
by enhanced brilliance .

Actively motile colonies show

no other change except an increase in size.

Some of

the colonies rupture, but the majority do not. 11
Using staining techniques, Bland and Robinow (17)
followed the development of inclusion bodies of vaccinia.

In one to three-and-one-fourth hours they dis-

covered small, round, homogeneous bodies, which stained
deep reddish-purple with Giemsa•s stain.

These varied

in size from particles scarcely larger than elementary
/

bodies up to the size of staphylococci.

These bodies

were usually multiple, with as many as sixty-seven in
one cell.

In two to four-and-one-half hours they ob-

served large, homogeneous bodies exactly like the small,
homogeneous bodies, except that these varied in -size
from that of a staphylococcus up to the size of a red
blood cell.

These were not as numerous as the small,

homogeneous bodies.

Three to five hours after infec-

tion, small networks were seen, these being the same
size as the la.rge, homogeneous bodies, but appearing
more irregu.larin outline with soft, fluffy edges. These
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stained less densely than the homogeneous bodies and
were colored clear red with little or no trace of purple .

In three to seven-and-one-half hours larger net-

works appeared; but these stained less densely, had a
fluffier appearance, and seemed to consist of two substances--a slightly granular or reticular ground substance, staining pink or red, and irregular lumps or
rod-shaped masses, staining deep bluish-purple.

Finally,

they described the large networks which appeared approximately seven houre after infection.

These were similar

to the medium-sized networks, containing the same types
of substances.

These increased in number up to twenty-

four hours .
Woodruff and Goodpasture (103), using their microdissection technique described above, proceeded to inject their isolated elementary bodies into the folli~les of a chicken.

By drawing a microscopically fine

glass rod across the preparation of elementary bodies
and then injecting this rod into the chicken, they proved
that

elementary bodies were the infectious agent.
Barnard and Elford (7), working with inclusion

bodies of infectious ectromelia, concluded that the elementary bodies are the infectious agent.

They so be-

lieved because as they increased the concentration of
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elementary bodies 15y differential filtration, the infectivity proportionally increased.
Today there are only a few isolated voice8 denouncing von Prowazek's theory.

-Hagen (33) considers that

the presence of elementary bodies in the inclusions is
accidental and that they are found there only because
they occur in any part of the cytoplasm.

He claims

that the inclusion body cannot be regarded as a virus
colony.

Herzberg takes an intermediate position, be-

lieving that the inclusion bodies are a form of virus
colony and that the elementary bodies are an integral
part of them; however, he considers this form of growth
nonessential and states that both the diffuse and colonial forms of multiplication can occur simultaneously
in the same cell (17).
An inclusion body, then, is a colonial form of
virus, consisting of a matrix, which is believed to
have no infective powers, and numerous elementary
bodies enclosed in the matrix.
actual virus particles.

The latter are the

The inclusion bodies found in

different virus diseases vary in morphology, size, and
staining properties (66).
No virus disease can be diagnosed with certainty
solely from the appearance of its intracellular inclusions, and intranuclear inclusions a.re less specific
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than intracytoplasmic inclusions, because some intranuclear changes resembling intranuclear inclusion
bodies are probably introduced by nonspecific means
(102).

Schwartzman (83) provides an excellent chart

listing the different virus diseases in which inclusion bodies are found.

It classifi es the types of

inclusion bodies and distinguishes among those bodiee
of clearly established s pecificity, those of undecided
si gnificance, and those which have no si gnificance.
The chart is reproduced below.
Virus Intracellular Inclusions
I - Intranuclear Inclusions
Type A
Lipschutz bodies of herpes zoster
and febrili s (•)

Poliomyelitis (?)

Yellow fever (•)

Rift Valley fever

Virus III infection of rabbits(*)
Fox encephalitis ( )

Borna disease (*)
Nicolau bodies of
herpes zoster and
febrilis ( )

Type B

(* )

Louping ill (•)
Pseudo rabies (*)

(Chart continued on following page)
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Virus IntraceTlular Inclusions (continued)
II - Intracytoplasmic I .nclusions
Eosinophilic
Large
Guarnieri
bodies of
variolavaccinia.(•)
Negri
bodies of
rabies (*)
HendersonPeterson
bodies of
molluscum
contagi osum (*)

Basophil ic
Small
Early
forms
of
large
eosinphilic
inclusions

Lar g e
Rarely
formed
and
not
characteristic
of
virus
infections

Small

Trachoma
Tvne

Bodie s of
enceph alitis
lethargica (?)

Trachoma(*)

Herpes
febr i lis
(? )

Inclusion
conjunctivi tis (*)

Lymphogranuloma
inguinale

Psittacosis
(*)

(* )

:Marchal
bodies of
mouse ectro melia
(*)
Guarnierilike bodies
in encephalitis
Japanese B
(? )

Ballinger
bodies of
fowl-pox
(*)
(*) - Inclusion bodies of clearly established specificity.
(?) - The significance of these bodies is undecided.
( ) - These bodies have no significance.
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Immunological React ions
The immunological reactions of viruses are considered by most authorities to be one of their defining characteristics, so these reactions will be treated
as the fourth property of a virus.

Most virus diseasee

result in permanent immunity (31) (66), but this is by
no means constant in all virus diseases, as the length
of immunity varies from a transient immunity (herpes
simplex and the common cold) (102) to life-long immunity (variola, varicella, and yellow fever) (24).

A

virus producing immunity for one to two years is tha.t
of foot-and-mouth disease in cattle (102).
Active immunity is w~ll known in virus diseases of
both animals and plants, but passive immunity to virus
diseases has not been demonstrated in plants (72).
Active immunity in plants and animals may be classified
as the chronic disease type, the carrier type, and the
sterile type (72).

The chronic disease type of active

immunity is that in which the pl ant or animal maint ai ns immunity to the severe type of the disease, but
chronically suffers from the mild form of the infection.
Persistence of the disease agent with no clinical signs
typifies the carrier form of active immunity.

The

sterile type of active immunity, the form in which the
animal remains immune d~spite the absence of virus and
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clinical symptoms, is found only in animal virus diseases.
This short introduction to observed immunity in
plants and animals seems to indicate a difference in
mechanism, but Price (72) claims that it is essentially
the same.

Even though antibody formation is not found

in plants, Price (72) states that it is possible that
antibody function in animals is only secondary, since
an animal may show immunity in the absence of demonstrable antibodies or may be susceptible in the presence of
1 ar ge amounts of antibodies.
Despite the above viewpoint, the greatest amount
of work related to virus immunology has been done on the
antigenic structure of the virus in relation to the antibodies produced.

The antigenic structure of a substance

is reflected by the antibodies it produces (60).

Using

this method as a measurement of antig,e nic complexity,
one concludes that for viruses this quality ranges from
a single neutralizing antibody resulting from one antigen, as in infantile paralysis, to a multiplicity of
antigens and antibodies, as in vaccinia (78).
At the present time vaccinia-immune serum antibodies are known to be capable of neutralizing viruses,
agglutinating viruses, fixing complement, and precipitating specific sub_§tances separated from the virus (77).
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It seems that the agglutination of vaccine virus is due
to a reaction between the heat-labile L and heat-stable
S antigens adsorbed on its surface and the Land Santibodies (60).

The nature of the other antibodies is not

known, but at least some of them are probably the LS
complex, producing reactions which differ from agglutination only because the influencing conditions vary.

It

is defi nit el y known that there are at 1 east two anti gens
in the elementary bodies of vaccinia--the agglutinogen
and the one that gives rise to neutralizing antibodies.
Kidd (48) reports that papilloma virus evokes neutralizing and complement-binding antibodies in vivo, and
that, in all probability, it is identical with the antigen that reacts with immune serum to fix complement in
vitro.

tennette (60) states that the Aoluble antigens
of infectious myxoma have two components, A and B38 ,

which are easily separated by physical means.
The explanation of immunity in virus diseases is
much more complex than the antigen-antibody reactions.
As has been stated, an animal may show immunity despite
absence of antibodies, and, conversely, an animal may
show no immunity despite the presence of antibodies (72).
Solid and prolonged immunity in virus diseases is difficult to explain on the antigen-antibody basis, because
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in bacterial disease antibodies remain as long as an
antigen is present, but when the antigen disappears, the
antibody titre declines, ultimately reaching zero (33).
Furthermore, mere prcxluction of antibodies by inactivated viruses does not produce immunity in virus diseases (72).
Immunity of the chronic disease type and the carrier type plus the lasting immunity in virus diseases
has produced the cell immunity theory (33).

This idea

assumes that the virus lives on within the cell and
thereby constantly stimulatee antibody production.
To help establish the cell theory of immunity
Andrews (5) and Sabin (81) have proven that antibodies
cannot affect the intracellular virus, by their demonst rat ion that suspensions of virus, living cells, mid
immune serum do not reduce the infectivity of the virus.
Andrews further proved that viruses could not infect
cells suspended in immune serum.

From these experiments

we can also conclude that immunity in virus diseases
consists of neutralizing the virus before it reaches
the host cells.
The cell theory of immunity is further enhanced by
the fact that some viruses are known to be capable . of
living in the cell s of plants and animals without producing clinical symptoms; for examples, psittacosis
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has a symptomless infection in many species of birds,
large portions of the population in tropical America
show neutralizing antibodies in sera despite never
having had yell°'"' fever, and herpes simplex virus remains latent between attacks of fever blisters (102).
In summary, since viruses are known to live in
host cells, either with no or with only mild clinical
symptoms, since the intracellular virus is not affected

by serum antibodies, and since prolonged immunity cannot be explained on the antigen-antibody basis, virologists have postulated the cell theory of immunity.

The

working basis of this theory is the assumption that the
intracellular virus stimulates antibody formation in
the serum of its host and thus prevents reinfection by
neutralization of the new virus before it reaches the
cell.
In the light of Holmes•s (41) report on gene-carried resistance to virus diseases in plants, it might
be that this line of research should one day help im-

munologists in their explanation of immunity in virus
diseases .

He reports that the mosaic virus causes a

mottling type of disease in Nicotiana tabacum L. and
N. paniculata k-, whereas it causes a necrosis in N.
rustica L. and N. glutinosa L.

He transferred the

dominant gene control~ing the necrotic response from
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N. rustica to a self-fe!tile derivative of N. Eaniculata
by hybridization of the two species.

He followed this

by repeated backcrosses to the recessive type parent .
In the derivative strain of N. Qaniculata the infection
produced a necrotic response, rather than a mottling
disease as was originally seen.

He concludes that by

numerous, complicated hybridizations and backcrosses he
might be able to produce a plant incapable of culturing
tobacco mosaic virus.
There are three methods by which an attempt has
been made to control the active virus and its diseaseproducing capacities.

The first is the use of an atten-

uated active virus (90).
mune serum (57).

The second is the use of im-

Inactivated virus is the third method

by which immunologists·have attempted virus control (90).

The first method, the use of a virus derived from
a variant strain or one partially inactivated by physi-

cal means, is the most widely and successfully applied
immunological therapy.

At the present time vaxiola,

rabies, and yellow fever in man am rinderpest, canine
distemper, louping ill, and fowl-pox in animals can be
successfully controlled by this method (24).
The classical illustration of immunity produced

by

inoculation of virus derived from a variant strain iR
that of smallpox.

To produc e smallpox vaccine, the virus
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is inoculated into a rabbit, calf, or camel (31), and
for some reason unknown to man the virus's severe disease-producing capacity mutates to _a. less severe form
(90).

Yellow fever vaccine is reduced in virulency by

passing it through the chick embryo (31).

Rabies virus,

on the other · hand, is attenuated by drying (102).
The use of immune serum, the second method of immunization, is successfully employed in the prophylaxie
of measles and varicella (24) (102).

The third method,

using inactivated virus to cause immunity to virus diseases, has been attempted, but has not met with great
success (102).
Virus research in the future will undoubtedly reveal new methods of producing immunity to virus afflictions.

A few subtle hints reveal some of the possible

means by which this may be accomplished.
Production of new strains of virus in vitro by
chemical and physical reactions offer great possibilities of protection (90).

Irradiation with x-ray and

ultraviolet light and treatment with nitrous acid,
formaldehyde, and hydrogen peroxide destroy the infectivity of many viruses without removing their serological
react ions ( 8) (52).
Ledingham (57) lists four new discoveries which may
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be near actual application in the production of immunity.

Vaccinia has been attenuated on embryo chick mem-

branes, thus providing a more sterile preparation of
vaccine.

Rabies virus has been rendered inactive by

irradiation with ultraviolet light; yet it retains its
antigenic structure.

Poliomyelitis virus has been

adapted to hamsters, a.nd the resulting strain rendere
monkeys nonsusceptible to infection.

Swine fever is

thought to be preventable by the injection of blood obtained from an infected pig at the height of infection,
defibrinated, treated with crystal violet and disodium
phosphate, and incubated for fourteen days at thirtyseven degrees Centi grad·e .
Another newly-discovered, interesting phenomenon ,
the interference principle, possibly suggests a new
method of immunization (57).

In 1935, Hoskins (43)

discovered an interesting case of interference between
two strains of yellow fever virus, the neurotropic
strain yielding a protective action against viscerotropic strain in Macacus Rhesus monkeys.

In 1937,

Findlay and Maccallum (26) enlarged experimentally upon
Hoskins •s observation and reported that if both the pantropic (viscerotropic) and neurotropic strains of yellow
fever virus were subcutaneously injected into a monkey
simultaneously, the animal reacted with symptoms and
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signs chaxacteristic_ of the neurotropic strain only.
They concluded that the neurotropic strain protected
against the pantropic variety, but that the reverse
situation did not hold true.

These men could find no

evidence of immune bodies either in the lymph nodes or
in the serum.
Findlay and Maccallum (26) also reported a case
of interference between Rift Valley fever and two
strain~ of yellow fever.

Experimentally they found

that neurotropic yellow fever virus protected mice
against Rift Valley fever virus and that the latter, in
turn, protected monkeys against pantropic yellow fever
virus.

They explained that different hosts had to be

used, because Rift Valley fever virus produced severe
symptoms in mice and mild symptoms in monkeys.
In 1940, Jungeblut and Sanders (47) reported a
case of interference between the murine strain and the
normal strain of poliomyelitis.

The murine strain, hav-

ing only a limited pathogeni city for monkeys, can protect these animals against the normal strain.
In 1942, Andrews (3) discovered that Influenza A
virus in simple tissue-culture rendered the culture unable to support the growth of a biologically different
strain of Influenza A virus when this was added twentyfour hours later; he found that whichever strain of
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influenza virus was added to the culture first would
interfere with the growth of the other.

In the sa.me

year Delbruck and Luria (22), working with bacteriophage, related that bacteria simultaneously infected
with virus gamma and virus alpha would not support
virus alpha.
Multiple virus infection does not always reveal
the interference principle , for Anderson (1) relates
that he has found multiple types of inclusion bodies
in preparations dually infected with fowl - pox and herpes simplex, fowl-pox and laryngotracheitis, herpes
simplex and vaccinia, and rabies and herpes simplex
respectively.

In fact, the interference phenomenon is

uncommon (1).
Delbruck and Luria (22) concluded from their work
on the interference principle that (1) two closely related viruses will interfere in both directions and
(2) two unrelated viruses may interfere in only one
direction or in neither direction .

However, Hoskins •s

(43) report stated that neurotropic and viscerotropic
v

strains of yellow fever interfered in only one direction.

Furthermore, Jungeblut and Sanders•s (47) murine

and normal strains of poliomyelitis, serologically related, also interfered in only one direction . Therefore,
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and in the light of Findlay and MacCallum•s (26)

ob-

servation of interference between serologically and
cross-immunologically unrelated Rift Valley fever and
yellow fever viruses, it is probably best to agree with
Anderson (1) that the interference phenomenon is usually
seen only in strains of the same or related viruses.
Stanley and Anderson's (96) electron-microscopic
observation of the reaction between tobacco mosaic virus
and its antiserum is a fitting conclusion for this section on the immunological reactions of a virus.

The

tobacco mosaic virus measured two-hundred-eighty millimicrons by fifteen millimicrons .

Tobacco mosaic virus

plus normal rabbit's serum appeared to have the same
dimensions; however, tobacco mosaic virus plus its rabbit antiserum measured three hundred millirnicrons by
sixty millimicrons.

These men interpreted the fuzzy

appearance outlining the virus in its antiserum as indicating that the antibody molecules radiated from the
edge of the virus.
Although the immunological responses to viruses
are not understood, it is known that the antibody production cannot explain immunity in every instance.

Se-

rum antibodies do prevent virus infection of the cell,
but they cannot affect the virus once it is within the
cell.

-

Perhaps the cell theory of imnn.inity supPlies
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another factor in the production of immunity in virus
diseases .
Mutation
Although the mutation of a virus was not given ae
a definitive property , mutation is one of the oual it ies
which a virus exhibits.

Mutation , or variation and

adaptation , is the property of a virus which explain~
how the smallpox virus can become less virulent when
passed through the caJ.f (90), how rabies street virus
can be transformed into rabies fixed virus (102), and
how influenza epidemics can be mild in one year and
severe in the next (33).
The actual cause for mutation is not known .

If

one accepts the living organism theory of the nature of
the virus, this phenomenon is probably not so remarkable, since living organisms, even man, lose, gain , and
regain characteristics through the wearing of generations.

Especially when one considers tha.t the genera-

tions of viruses produced in one year ere numerically
equivalent to the generations of man evolved in millions
of years, it is easy to comprehend the Mendalian mechanisms in vol ve<t.
If one believes, however, that the virus is a molecule, the cause for mutation becomes definitely theoretical.

Stanley (94) hypothesizes that mutation may be
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a slight change in structure resulting from a diversion
of the synthetic means by which a virus reproduces.
other words, the virus, ·when introduced

In

into a slightly

different chemical surrounding, must alter itR composition in order to maintain itself, and, in so doing, must
alter some of its characteristics.
The formal definition of a virus has been presented,
but the comparative definition remains.

In the final

analysis, the great argument about the nature of the virus resolves itself into two opposing theories--tbat the
virus is a macromolecule _ (nonliving ) and that it is a
living, submicroscopic organism.
The Virus as a Molecule
Prior to Stanley's isolation of a crystalline protein (88) in 1935, practically all virologists considered the minute, infectious a gents to be living organisms.

The process of crystallization, so foreign to

biology, yet so common to chemistry, brou ght about the
theory that viruses were macro molecules capable of autosynthesis (95) (64) (53).

On the other hand, reproduc-

tion and mutation, so common to biology, yet so foreign
to chemistry, required such drastic changes of many biologists• and chemists' ideas that they were unwilling
to accept the virus as a molecule.
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The first consideration in this comp arison of a
virus to a molecule is its satisfaction of the physical definition of a molecule.

Stanley (95) states that

the virus proteins fulfill the accepted chemical definition of a molecule as the smallest wei ght which cannot
be subdivided without complete change in properties.
Lauffer claims that if the definition of a molecule is
accepted which requires that all the molecules of a
given substance be composed of the srune kind and the
same number of atoms arranged in t he same way, absolute
homogeneity of size and shape shoul d indicate molecular
structure (53); he proves, by sedimentation velocity,
that the spreading of bushy stunt virus boundaxy i~dicates that the viruses are homogeneous with respect to
size, shape, and density, and that, therefore, the
proof that viruses are molecules is as conclusive as
that given for any protein.

Beard and Wyckoff (11),

working on Shape's rabbit papilloma virus, concluded
from their ultracentrifugal experiments that the bodies
were de posited in a manner indicating great uniformity
in size, corresponding to a molecular wei ght of twenty
million or a diameter of forty millimicrons; from their
che mical experiments they concluded that the virus was
a high molecular weight protein.
Opposing the viewpoint t hat viruses are molecules,
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Gartner (27) states t-hat the use of the term molecule,
as derived from ultracentrifugal, diffusion, or other
physiochemical measurements, does not necessarily signify homogeneity; furthermore, he claims that there is
no proof that the virus is the smallest particle of e,
substance which can exist as an independent entity.
Ga.rtner emphasizes his argument by stating, "If no microscope were invented which would view Ascaris eggs,
e would have a situation somewhat analogous to that of
the virus •proteins•, excepting much more extreme. Such
particles would be uniform in shape, would sediment at
uniform velocity, and would give the usual protein
tests.

They would be 'homogeneous particles of mole-

cular weight of one billion or more ! '

11

Andrews (2) criticizes Beard and Wyckoff 1 s findings given above by pointing out that only physical
properties and protein composition are present to indicate a molecular structure.

He states that a more

accurate conclusion would have been that they had obtained a solution of virus containing protein instead
of a high molecular weight protein.
Since 1940, irradiation experiments have provided
indirect evidence for the molecular structure of some
viruses.

All conclusions are based on the target

theory (54).
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The target theory assumes that a single ionization
is the cause for chemical change in the molecule in
which the ionized atom lies.

It aJ.so assumes that death

of a bacterium is due to ionization of a single molecule,
such as a gene , which has a vital activity (56).
To kill a bacterium of Bact.coli requires one
hundred alpha radium particles (54).

The natural int er-

pret at ion of this experimental observation would be that
death was the result of a cumulative process, (many
molecules within the bacterium being changed in progressive order as each was ionized, until the bacterium
was killed); however, actual experiments show this interpretation to be incorrect and prove the authenticity
of the target theory.

Slow or fast irradiation requires

no difference in the number of alpha particles necessary
to kill the bacterium.

Since the lethal change is that

of ionization, and since particles, given time, lose
their ionization and resume their original characteristics, the natural assumption would be that over a
longer length of time the number of alpha particles required to kill the bacterium would be increased; such,
however, is not the case.
The fact that it requires one hundred alpha particles of radium to kill one bacterium is explained by
the target theory.

T_he theory is that one ionization
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in a vital molecule ofl;he bacterium would cause death
'

and that, therefore, one alpha particle will kill the
single Bact. coli; but it requires one hundred alpha
particles by measurement , because there is only one
chance in one hundred of hitting the vital molecule .
If the process were actually accumulative, the irradiation effect on a group of bacteria, as measured by
time and number of bacteria killed, could be represented
by the curve in graph number one.

Hypothetically, the

number of bacteria living during the first period would
be just slightly less than the number living at the beginning .

As the bacteria accumulated suffici ent ioniza-

tions to kill them, the death rate would be suddenly increased during the second period .

The death rate during

t h e third period would be gradually decreased, because
the remaining bacteria would be e special l y resist ant to
alpha particles .
Actual ex perimentation , however, proves that graph
number one is incorrect, and produces a curve as seen
in graph number two.
target theory.

The true graph is explained by the

Since it is a matter of chance that the

vital portion of each bacterium will be hit , and si nee
there are a greater number of bacteria per square area
during the first period than during the last period, the
initial portion of the c urve would show more rapid
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·b acterial death than would the latter flection (54) .

Ti. me.

7'i m~

Graph No. 1.
A

ea and Solomon

Graph No . 2.
(5 6 ) pointed out, it iR unlike-

ly that the content of the cellular cytoplaRm is so
nicely balanced that chemical change. in one molecule
can have important effects on the cell, unle~R that
molecule could determine the genetic balance .

It i~

a su med, therefore, that the irradiation doRe can give
a fairly accurate eAtimate of the a:rnount of vital material within the bacterium (54).

Since t he bacterium

is composed of numerou~ molecules, there should be much
less volume of vital material than of actual material ,
a nd Ruch is t he case (56).

Like ise, if the .viru.

i~

a macro molecule , the volume of vital material ~hould
approxtmatel y equal that of actual material.

Lea. and

Solomon (56), working with plant viruses , found the
volume of radiosensitive material to equal the volume
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of the virus.

Lauria-and Exner found practically the

entire particle of several varieties of bacteriophage
to be radiosensitive (56).

Lea and Smith (55) state

that the dose of x-radiation required for inactivation
of the molecular virus is consistent with the target
theory, because the genetic material is equal to the
size of the particle .

On the other hand, vaccinia ele-

mentary bodies cannot be regarded as a single molecule,
since the vital material is only 0.0056 per cent of the
entire volume (56).

With the exception of the vaccinia

elementary bodies, all the experimental results herein
listed are consistent with the view that the virus is
a macromolecule .
Throughout thiR di~ cussion on the comparison of
the virus with a mole cule, it has been aseumed that the
plant proteins isolated were the actual virus.

Smith

(86), however, states that there is some reason to
doubt this assumption, because (1) the virus may be in
the protein, and (2) the protein may be a reaction product of the virus.

Furthermore, virus particles may

be the same size and have the same molecular weight as
the proteins; thus, all present methods of isolation
would include both in the final product (86).
Despite these arguments, even Rmith (86) admits
that the mass of evidence points to association of the
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virus with the protein.

Stanley (95) found that the

crystalline protein obtained from many different plants
diReased with the same virus had the same chemical composition, isoelectr.ic point, optical rotation, x-ray
diffraction pattern, sedimentation constant, and biological activity.

Bawden (8) has never been able to

obtain fully active preparations of virus after the active protein preparations were broken down by heat at
ninety degrees Centigrade.

Stanley (92) has shown that

partial denaturati on of phage protein by acid, alkali,
heat, or enzymes was accompanied by corresponding loss
of phage activity.

These experiments have all been

checked and rechecked, and so provide sufficient proof
that the protein crystals must be regarded as the actual virus (78), since the nucleoprotein and virus activity cannot be separated by any means.
Although it was Stanley's isolation of a virus in
the crystalline form, in 1935 (88), which first suggested the macromolecular theory of the nature of the
virus, most authorities now agree that there is no incompatability between the living and the crystalline
st ate (10) ( 8).

Thyge son (102) st ates that cryst all in-

it y merely denotes structural simplicity, not a nonliving state.

Wyckoff (104) adds that crystallization

of viruses is not s6 spectacular, since proteins,

in
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general, are capable _of being crystallized.

On the

other hand, Stanley (92) suggested that the crystal
represented a nonliving state when he argued that repeated crystallizations indicated homogeneity.
ther

Fur-

information on the crystalline state of viruses

will be given in the section on physical properties .
Since a gene is probably a molecule (68), comparison of the virus to a gene implies a molecular
structure for the filter-passing agents.
describes a gene as follows:

Muller (68)

"Genes are particles of

submicroscopic volume, probably of the order of about
one-twentieth of a micron in length and considerably
less in their other diameters, probably of protein composition, and bound to one another in line , single file,
so as to form solid threads.

These threads are usually

many microns long and thus comprise thousands of genes,
each gene in the chain usually being different in its
composition and chemical function from every other
gene. 11

He further st at es that the nucleus of any cell

contains a speci fie number of gene chains, that they
exist not only in reproductive cells, but in all cells,
and that they are the ultimate particles of heredity
and probably the ultimate particles of life itself.
The gene can be compared to t he virus, because
(1) the gene has the -ability to reproduce itself in
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exact identity only with:tn the living cell (30) (68)
(90); (2) the gene ca_n mutate (30) (68); (3) the size
of the gene in flies approximates that of tobacco mosaic virus (30) (68); {4) the gene and· tobacco mosaic
virus produce similar effects, ~.e., variegation or
mottling in plants (30); and (5) the gene and the virus are both inactivated by ultraviolet light and x-ray
in quantitative relationship (30).

Genes differ from

viruses in their inability to move from cell to cell
and their incapability to be inoculated into healthy
plant~.
Muller (68) suggests that the attraction of like
genes to form a hereditary character involves physical
forces which may - one day benefit the virologists in
their study of forces that might cause reproduction
and mutation in viruses.

As yet, physicists have not

studied these forces, but microscopic observation of
the genes• autoattraction of like with like may assist
these men in their experiments.

An

"A 11 gene of one

cell attracts the "A 11 gene of another cell, thus forming an

II

AA" combination.

Chains of genes attract other

chains, so that alignment is "A 11 with
11

11

A11 ,

11

B11 with

B 11 , and so on; this is a property of the gene, not of

the chain, since broken chains still arrange themselves
in a given order. The forcesinvolved act over visible
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microscopic distances. Because Stanley (90) introduced the aut ocat al ytic
theory of reproduction,

certain investigators have

compared enzymatic activity with virus activity. Since
enzymes are molecules (90), this compa.ri son is especially appropriate under this section on the virus as
a molecule.

Northrop (70) observes that since the

young cells of chick embryo are the ideal cultureB for
viruses, and since only young, actively growing cells
can produce enzymes, there must be some relationship
between the two entities.

Furthermore, the increase

in phage or virus concentration in the presence of li ving cells is formally analogous to the formation of
enzymes by cells (70).

Some bacteriophages may be iso-

lated by enzyme chemistry (70).

Pepsin and trypsin are

formed by inoculation of a solution containing their
precursor with active enzyme, to produce new enzymes,
just as phage or virus is formed after inoculation of
the host cells with phage or virus (90).

Taft (100)

stat es that if the viruses are not identical with nucleoproteins, they are in some way related to them,
and their action is, in a measure, that of an enzyme.
Lea and Smith (55) declare that there appears to be
no fundamental difference between the mechanisms of

.-
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radiation inactivation of viruses

ann

enzymes.

Unlike the quality of the arguments against the
g enetics nature of the virus, the arguments against
the enzymatic nature of the virus are comparatively
strong.

Alt hough viruses are nucleoproteins, no en-

zyme is known to be a nucleoprotein (24) (75).

Fur-

thermore, the molecular wei ght of any known virus is
greater than that of any known enzyme (24) (75), the
highest molecular · weight for any enzyme being 82,800
(99), and the molecular wei ght of tobacco mosaic virus being between ten million to seventeen million (92).
Since rickettsia organisms, three hundred millimicrons in diameter, are the smallest known living
particles, the size of viruses, ten millimicrons to
two-hu ndred-twenty- f ive millimicron s in diameter, has
been used as an argument for the molecular theory (90).
Egg albumin molecule has a diameter of nine by three
millimicron~; the hemoglobin molecule, fifteen by
three millimicrons; and hemocyanin molecule, twentytwo millimicrons.

Foot-and-mouth disease virus haR a

diameter of ten millimicrons; louping ill, nineteen
millimicrons; and tobacco mosaic, two-hundred-eighty
by five millimicrons (94 ).

Because tbe molecular dia-

meters given above represent the extreme maximum and
the virus diameters represent the extreme minimum for
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this group of part}cles, Stanley (95) has postulated
that the virus represents a macromolecule.
On the other hand, Mudd and Anderson (67)

state

that the larger viruses, such as psittacosis (twobundred-seventy-fi ve millimicrons in diameter), vaccinia (two-hundred-twenty-five millimicrons in dia~
eter), and canary pox (two-hundred-twenty-five millimicrons in diameter), resemble rickettsias (three hundred millimicrons in diameter) in size.

The relative

sizes of bacteria, rickettsias, viruses, and molecules
are given below from Stanley's (94) chart.

Some Comparative Sizes of Viruses
Diameters in
Milli microns

Viruses

Red blood cells . . . . • . . . • . . • . . • •
Bacillus prodigiosus . . . . . • • • • • . • . •
Rickettsia . . . . . . . . . . .• . . . . . . . .
Psittacosis . . . . . . . . . . . . . . . . . .

Vaccinia. . . . . . . . . . . . . . . . . . . .

7,500
750
300
275
225

Canary pox. . . . . . . . . . . . . . . . . . .

225
225

Pl eur o- pneumonia. • . . • . . • . . . . • • . •
Pseudo rabies . • • . • • . • . . • • . . . . •
E ct r o me 1 i a. . . . . . . . . . . . . . • . . . .
Herpes simplex . . . . • . . • • . • . • . • • •

150
150
150
150

Rabies fixe . . . . . . .

. ...

125

Berna disease • • . ~ . • . . • • . . • • • • •
Vesicular stomatitis . • • . . . • • • . . . • •
Staphylococcus bacteriophage • . • . . • • • • •

125

Myxoma.

.

.

• .

.

• .

• • .

• • .

. •

• .

. . . . . . .

(Chart continued on next page)

. .

•

100
90
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Some Comparative Sizes of Viruses (continued)
Viruses

Diameters in
Millimicrons

Fowl plague . . . . . . . . . . . . . . . .

C1s bacteriophage • • • • . . • • • • • • •
Chicken tumor • • • • • • . . . • • . . • •
Tobacco mosaic. • • . • • . • • • • • • • •
Cucumber mosaics 3 and 4 • • • • • • • • • •
Gene (Muller 1 s estimate of maximum size) ••
Latent mosaic of potato • . • • • • • • • •
Rabbit papilloma (Shope) • • • • • • • . . •
Equine encephalitis . • • • • • • . • • • •
Megatherium bacteriophage • • • . • . . • •
Rift Valley fever • • . . • . . • . . . . .
Tomato bushy stunt . • • . . . . • • . • • •
Hemocyanin molecule (Busycon) • • • . . . •
Yel 1 ow fever. . • • • • • • • • • • . • • •
Tobacco ring spot • • • • • . • • • • . • •
L oupi ng i 11 . • • . . • . . . • • ~ • • • •
Hemocyanin molecule (Octopus) • • • . • • •
.Al fa.l fa mosaic. • • • . • • • . . . • • • •
Poliomyelitis • • • • . . . . . . . • • • •

280
280
125
430

90
75
70
X 15
X 15
X 20
X 9.8

40
38
38
30
26
22
?, ?,

19
19

20
16.5
12

11
10
10

Influenza . . . . . . . . . . . . . . . . .

Staphylococcus bacteriophage • • . . . . . •
Foot-and-mouth disease . • . . • . • • • • •
Hemoglobin molecule (Horse) • • . • . • . •
Egg albumin molecule. . • • . . • . • • • •

15
9

X
X

3
3

The more favorable arguments for the molecular
theory of the nature of viruses have been presented. It
remains to compare the virus with t he properties of living or ganisms.
The Virus as a Living Organism
First of all, in order to consider the virus as a
living entity, one must place it in a biological position.

-

The assumption that the viru~ is living implies
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that it has undergone retrograde evolution from visible microbes (32) (90).

As Lennette (60) points out,

the virus may be linked to bacteria through the rickettsias, which some of the larger viruses resemble in
certain respects--size, developmental cycles, and tinctorial properties .

The extreme parasitism of viruses

may be but a step beyond the parasitism of Pasteure11a
tularensis, which can live only on culture material
supplied with cystine (32).

Green (31) believes that

it is an erroneous idea that viruses are molecules ,
as the largest viruses seem to differ very little from
ordinary visible bacteria, and that they represent incomplete or partial microbic forms--microbes that have
become more or less simplified and correspondingly
smaller as a result of their parasitic existence. Andrews (2) thinks viruses to be microorganisms which , in
the course of evolution, have gained a better existence
,,

by becoming sma.ller and which have lost some of the
chemical complexities of larger beings.

Gartner (27)

asserts that the virus lives in extreme parasitism,
because it may have lost some of its syntheti c functions and has to depend upon a particular host to furnish those functions.

Finally, Bedson (12) suggests

that the close serological relationships between the
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viruses of psittacosis and lymphogranuloma, as well as
between lymphogranuloma venereum and trachoma might indicate a common ancestry .

Counteracting these theoriee

of those who believe the virus to be living, Stanley
(90), the leader of the molecular theory men , developed
the view that viruses represent a step above the molecule and, therefore, bridge the gap bet ween the living
and the nonliving.
The second requirement in the comparison of the
filter - passing entity to an organism is to relate the
qualities usually associated with the living to those
of the virus.

Reproduction and mutation, metabolic ac-

tivities, cellular organization, and water content will,
therefore, be related to virus properties.
Multiplication and mutation are two properties
associated with living organisms and viruses.

These

topics have been thoroughly presented in preceding sections, so it is sufficient to say that these propertiee
form one of the strongest points the vital theory men
can present in favor of the virus as a living organism.
Metabolic activities are intrinsically associated
ith the living organism; therefore, proof that the
virus shows anabolism and catabolism would esta.b li sh
positive evidence of the living nature of viruses.

Ac-

cording to parker and Smythe (71), Breinl and Glovrazky
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re ported that they coUld demonstrate respiration of
vaccine virus which had been freed fro m cells by mea.n~
of differential centrifugation; but Parker and Smythe
point out that the figures given could not have been
obtained by the methods described.

Bedson (12), in hie

studies on the sulphonamide-susceptible trachoma and
lymphogranuloma venereum viruses, theorizes that since
sulphonamides seemingly compete with a bacterial enzyme
for an essential metabolite , these t wo viruses, at
least, must have sufficient metabolic activity, independent of the cells they inflict, to render them open
to attack.
With the except ion of the experiment reported
above, all research workers have reported failure in
attempts to measure respiratory activities of viruses .
Bronfenbrenner (18) describeB a res pirometer which is
sensitive enough to detect one cubic millimeter of carbon dioxide produced by fifteen million sta.pbylococci
in less than ten minutes, and reports that with different types of bacteriophage left in the res pirometer up
to ninety-six hours at twenty-two degrees Centigrade
he could obtain no evidence of carbon dioxide production (18) (19) (20).

Measuring the oxygen consumed

and the acid given off from viruses growing in tiseue
extracts containing respiratory supplements, Parker
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and Smythe (71) found that vaccine virus showed no respiratory activity.

Rivers (78) st ates, however, that

viruses complemented by enzymatic s ystems of the host
may carry out metabolic activities.
Ultraviolet li ght photo graphy and electron microscopic observance of viruses have proven that at least
so me of the lar gest viruses have cel lular organization
(84), and this is interpreted as a relationship to the
living .

Ultraviolet light bas revealed the vaccinia

elementary bodies to have an appearance similar to that
of bacteria (75).

Mudd and Anderson (67) claim that

their electron micrographe prove that vaccinia elementary bodies have an essentially cellular organi z ation,
resembling that of bacteria; that even intermediatesized viruses, such as bacteriophage, still possese
structural differentiation; and that the smallest viruses are apparently giant molecules or minute crystals.

Judd's (46) use of the electron microscope re-

vealed structural composition within the cells of bacteria, rickettsias, and the larger viruses, but not in
the s maller plant viruses.
The present concept of living matter includes the
necessity of intracellular water (10); naturally, thie
idea presupposes a. cell membrane by which the water is
maintained within the cell. - Smadel and Elford reported
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that the virus particle exhibited osmotic swelling in
hypertonic media, as based on sedimentation rates of
the particle in sucrose solutions of different concentrations (65).

McFarlane, McFarlane, Amies and Eagles

(65), however, dispute the findings of Smadel and tlford, because these latter men ignored the electroviscous effects on sedimentation rates.
McFarlane, McFarlane, Amies and Eagles (65) believed that osmotic pressure deter ~inations played an
insignificant role in the computations of the total
amount of water associated with viruses, because (1)
hydration was al most the same in 0.74 per cent sucrose
and 1.57 per cent egg albumin, despite the enormous
difference in the osmotic pressure of the two solutions,
and ( 2 ) the values obtained for the hydration were so
high they precluded that any great part of this water
was not held within a membrane, because if it were, the
density of the particle would be very little more than
that of the aqueous medium in which it was suspended,
and the rapid sedimentation rate would correspond to
that of a particle large enou gh to be visible in the
ordinary microscope.

These men found, however, that

the particles produced a sedimentation rate indicating
little decrease in their density, that the particlee
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did not become visible under an ordinary microscope,
and that a high density and small hydration were indicated by the intense light scattering under dark
ground illumination.

They concluded, therefore, that

the water was adsorbed on the surface of the virus to
form an

II

ion 11 atmosphere, and that this location of
j,

water revealed nothing about the state of hydration of
the central particle.
Rivers (78) discovered th~t the densities of vaccinia elementary bodies suspended in fifty-three per
cent sucrose and buffer solutions were the same as the
specific gravities of the suspending solutions, and he
believed the increase in density was brought about by
extraction of water from the bodies .

Using similar

experiments, Rivers also concluded that the elementary
bodies were permeable to water and urea, and less so
to glycerine .
The electron micrography of Taylor, Sharp, Beard,
and Beard (101) has thrown some light on this controversial subject .

These men found that addition of

calcium chloride to the suspending solution reversed
the normal appearance of the virus to a sharp outline
and a light center, and increased the Aize of the virus from forty to forty-eight millfmicrons in diameter.
They postulated that the calcium ealt may have entered
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into a loose combination with the peripheral substance,
which became sufficiently dense for demonstration.
Gartner (27) has compared the virus to the chromatin material in the cell.

He points out that the

normal cell contains a nucleus, the function of which
is to regenerate cytoplasm and to reproduce; he then
postulates that the virus might have lost . its cytoplasm through long-continued parasitic existence, thus
making its size much smaller if its sole function were
reproduction.

He states that chromatin is composed

largely of nucleoproteins and that, therefore, Stanley's isolated nucleoprotein may be merely a
nuclei".
ner I s

II

11

naked

Rawlins and Takahashi (75) agree with Gart-

naked nuclei" theory, because they find that

tobacco mosaic nucleoproteins and chromosome nucleoproteins both show approximately equal absorption of ultraviolet wave lengths.
Finally, in an attempt to prove the living nature
of viruses, some men ha.ve compared the virus to various organisms.

Taft (100) has compared the virus to

a protozoan because of the typical life cycles of elementary bodies, which have been described under the
section on inclusion bodies.

Rawl i ns and Takahashi

(75) compare the nucleoproteins of sperms to the nucleoproteins of viruses, because x-ray analysis shows
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both proteins to be in the liquid crystalline state.
Taft (100) compares fungi to viruses, because both show
rapid mutation.
The discussion on the definition of the virus has
informed the reader that the virus cannot be defined
with complete limitations.

He has discovered that the

virus may be either a molecule or a living organism;
perhaps he can conclude that the smaller viruses e~e
molecules, whereas the larger viruses are related more
closely to living microorganisms.

He knows that ele-

mentary bodies are probably the actual virus.

At any

rate, the reader definitely realizes that, despite the
extensive research work which has been done on the virus, there still remains a dire need for new discoveries, permitting the virus to be explained in a simple,
grammatically correct definition.

He understands that

present knowledge permits definition of the virus only
by its properties of filtrability, specificity, production of inclusion bodies, and immunological react ions.

The definition of the filter-passing entity ha~
given the reader a concept of the nature of viruees. To
broaden his understanding of the subject it is necessary to study the virus in its physical and chemical
aspects.
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IIT

Physical Properties of the Virus
Prior to recent years the physical properties of
only a few larger ~iruses could be observed directly,
but inadequately, by using stains, ultraviolet light,
and dark field illumination; and the physical properties of all the other viruses could be determined only
by indirect methods, such as x-ray diffraction, sedimentation diffusion, filtration, radiation inactivation,
and miscellaneous methods (63).

Since the invention of

the electron microscope, scientists have had a method
of determining the size and shape of viruses by direct
observation .

Even electron microscopy is not ideal.

In the first place, dietortion and shrinkage occur during the process of making preparations (104). Secondly,
contamination of the field requires the observer to
depend on previous dimensional determinatione to conclude that he is actually viewing the virus (83).

Fi-

nally, although the viruses' shapes may be determined
by electron micrography, some are so small that the
images axe not resolved enough to accurately determine
size (63).
Each virus has a characteristic size and shape,
which are quite definite regardless of conditions (78);
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therefore, a study of these physical properties is necessary to understand the nature of viruses.

A list of

virus sizes can be found on pages forty-four and fortyfi ve.
The shapes of viruses vary greatly, just as the
configurations of bacteria differ, and the following
studies of shapes by electron micrography prove this
point.

Tobacco mosaic virus has a length fifteen-and-

one-half times its width (90) (97).

Luria, Delbruck,

and Anderson (62) reported three bacteriophages that
were

II

sperm-shaped", consisting of a head and tail; a

fourth strain was egg-~haped, but contained no tail.
Schwartzman (83), in his studies on lymphocytic choriomeningitis, found that the bodies were of considerable
complexity and varied greatly in size.

Western strain

equine encephalomyelitis viruses, approximately forty
millimicrons in diameter, are, for the most part,
rounded; but some are oval, and a few a.re definitely
elongated (84).

Eastern ~train equine encephaJ.omyeli-

tis virus has a round, probably spherical, shape; and
it is uniform in size, shape, and appearance (101).
Papilloma virus is round and shows considerable homogeneity with respect to size and shape (84).
virus has a rectangular shape (98).

Vaccinia

Tomato bu~hy

stunt virus is nearly spherical in form (63).

The
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viruses of trachoma, 1nc1usion conjunctivitis, psittacosis, and lymphogranuJ.oma venereum exhibit a regular
sequence of changee, varying from the elementary body,
which is spherical and uniform in size, to a larger,
coccobacillary, bipolar-staining, nonfilterable form,
which may be over a micron in length (102).

Influenza

A viruses are round, approximately one hundred milli-

microne in diameter (60).

It is not necessary, in this thesis on the nature
of viruees, to compare the different methods by which
the sizes and shapes of viruses are determined.

It is

enough to state that the development of the electron
microscope has proven to physiciets that indirect methods of measuring particle sizes agree reasonably with
actual observations on their magnitude and outline (92)
(102).
Another physical property of viruses relative to
their nature is their molecular weights.

Stanley (95)

states that the high molecular weights create great
difficulties in their determination by ordinary methods,
even by diffusion or osmotic pressure measurements. The
ultracentrifugal method of molecular weight determination is best suited to these large particles.

Wyckoff

(104) declares that the determination of molecular
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weights by the ultracentrifugal method, the only technique applicable to particles the size of viruses, requires that the density, shape, rate of diffusion, and
degree of hydration of the virus, as well as the viscosity of the suspending solution, must be known.
It must be remembered that molecular weight determinations do not necessarily preclude molecular structure of the particle involved, since molecular weight
is determined by particle weight times 6.06 times 1017
(94).

This method determines the molecular weight of
red blood cells as 173,000,000 times 106 ; of Bacillue
6
prodigiosus, 173,000 times 10 ; of Rickettsia, 11,100
times 106; of psittacosis virus, 8,500,000,000; of
herpes simplex virus, 1,400,000,000; of staphylococcue
bacteriophage, 300,000,000; of tobacco mosaic virue,
43,000,000; of equine encephalitis, 23,000,000; of
tomato bushy stunt virus, eight million; of hemocyanin
molecule, 6,700,000; of yellow fever, 4,300,000; of
poliomyeliti~, seven hundred thousand; of foot-andmouth disease, four hundred thousand; of hemoglobin
molecule, sixty-nine thousand; and of egg albumin, forty thousand (94).

From these molecular weight deter-

minations, it can be concluded that if the viruses are
molecules, they are indeed the largest known, for only
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the smallest viruses approximate the molecular weights
of the largest known molecules (86).
The crystalline form of some viruses deserves mention with the physical properties, for it was Stanley's
(88) isolation of an infective crystalline protein from
tobacco mosaic plants which so revolutionized the theories on the nature of viruses.

The proof that the

crystal is probably the actual virus has been discussed
in the section on the comparison of viruses to molecules; the discussion on the crystalline structure remains to be presented.
Because crystals have regularity of structure ,
x-ray beams are diffracted so as to produce patterns
wh ich permit the research worker to study the structural type.

Stanley (95) at first claimed that his to-

bacco mosaic crystals were true crystals,

but this

statement is now known to be untrue. Later he admitted
that the crystals of tobacco mosaic were paracrystals
(also called liquid-crystalline, mesomorphic, or anistropic state (75) ), having two-dimensional, but not
three-dimensional, regularity (89).
Bawden (8) argues that al though the material i solated from tobacco mosaic infected plants possessee
some properties of viruses, the needles appear to be
merely pieces of jelly, containing fifty per cent water .
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He clai ms that they lack- the three-dimensional regularity of true cry st al s and that they are more a,ccurat el y
described as paracrystals.

In fact, all authors now

agree that the mosaic virus crystals show a regularity
of pattern at right angles to their length, but not in
direction of length (89) (8) (67) (75) (15) (6).
Smith (86) reports that the crystalline rods of
tobacco mosaic are probably not the ultimate virus particles.

He concludes that they are aggregates of sub-

units arranged in linear form, because

the crystals

have lost one of their main characteristics, namely,
filtrability .

Whereas the untreated sap of the infect-

ed tobacco plant will remain infective after being
strained through fifty-three millimicron pores, the
purified crystalline particles require four-hundredfifty millimicron pores before they will pase.
The bushy stunt virus can form true crystals (9)
(74).

Price, Williams , and Wyckoff (74) have made

electron micrographic studies of the bushy stunt and
tobacco mosaic viruses.

They state that the two vi-

ruses display similar, but not identical, regular
arrangements of their particles .
Bawden and Pirie (9) point out that we can directly
see how the symmetry of a crystal is related to and determined by the shape of its constituent

elementary
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bodies.

For example, -electron microscopic studies show

that bushy stunt virus particles have a tendency to cover the entire substrate before piling up into three-dimensional aggregates, and their two-dimensional patterns
have a higher symmetry than that shown by the bean mosaic virus (74); this observation a.grees with the fact

that mosaic virus crystals are orthorhombic (73).
No animal viruses have yet been crystallized (78).
X-ray studies, therefore, although very accurate in
estimating the type of crystal and the size of a virus,
are not beneficial if the virus has no crys·t alline or
semicrystalline form (63).
Whereas the physical nature of viruses has revealed
their sizes, densities, and crystalline properties, the
chemical nature of viruses will uncover what is known
about their inorganic and organic composition . We have
employed the help of bacteriology, biology, genetics,
and physics in our study of this submicro~copic infectious a gent; now we will enlist the study of chemistry
to broaden our knowledge of the nature of the virus.

IV
Chemical Pro perties of the Virus
The exact chemical structure of no protein is known,
and it is, therefore,

impossible to give the minute
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chemical structure of any viru~ (94).

A8 i~ the case

in all chemical analyses of proteins, the determination
of the chemical structure of viruses is attempted by
analysie of the break-down products, much as one would
try to envision the structure of a radio were he given
all the component parts in one large heap.

The building

blocks of all simple proteins are amino acids (34); but
since the virus has been found to be a nucleoprotein
(93) (104), a combination of nucleic acid and protein
(34), it has become necessary not only to determine the
number and kind of amino acids in its structure, but
also to examine the nucleic acid component.

Thus, al-

though the exact structure of the virus is not known,
chemical procedures permit analysis (1) of the inorganic
components, (2) of the number and kind of amino acide,
(3) of the different nucleic a.cids present, and {4) of
some other miscellaneous components.
Another problem in the chemical analysis of viruses
is the isolation of sufficient pure material to nermit
examination {94).

Since only two viruses, the tobacco

mosaic virus (93) (104) and the elementary bodies of
vaccinia (35), have been isolated in sufficient quantity and quaJ..i ty to permit complete analysis, these two
viruses have been studied extensively.

Finally, it is

often difficult to determine if a particular substance

-62-

or element is actually a portion of the virus or if it
is merely adsorbed on the virus 1 s surface.
Simple inorganic chemical methods have proven that
tobacco mosaic virus consists of fifty per cent carbon,
seven per cent hydrogen, sixteen per cent nitrogen,
0.24 per cent sulphur, and six-tenths per cent phosphorus (93) (104).

Hoagland, Smadel, and Rivers (36),

three men who have worked a great deal with vaccinia
elementary bodies, report that these bodies consist of
33.7 per cent carbon, 15.3 per cent nitrogen, and 0.57
per cent phosphorus (no hydrogen percentage is given).
Copper bas been isolated from vaccinia elementary
bodies.

The discoverers (38) claim that it must be in

intimate relation to the virue, since repeated washingf!,
ultrafiltration procedures, dialysis against one-tenth
molar potassium cyanide, or electrodialysis did not
remove the copper, and since the concentration of the
copper increased as the concentration of the virus was
increased.

These men who discovered the copper theo-

rize that the presence of the element may play the role
of an oxidative catalyst, but they are unable to demonstrate any oxidase by spectroscopic and enzymatic techniques.
The protein portion of the bushy stunt virus
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amounts to ei ght y-five per cent, whereas the nucleic
acid makes up fifteen per cent of the total constituents (104).

Tobacco mosaic virus consists of ninety-

five per cent protein and five per cent nucleic acid
(89).

Dried vaccinia elementary bodies contain 83.12

per cent protein (44).
Hydrolysis of proteins will yield amino acids
(34).

Ross (79) found definite and reproducible a-

mounts of thirteen different amino acids in the hydrolized products of tobacco mosaic virus--alanine, arginine, aspa.rtic acid, cysteine, glutamic acid, leucine,
phenylalanine , proline, serine, t hreonine, tryptophan,
tyrosine, and valine.

Glycine, histidine , lysine, and

methionine are not found in tobacco mosaic virus (79).
Knight (49), however, found a trace of histidine in
ribgrass strain of tobacco mosaic, but in no other mosaic strains; he also stated that indirect analysis
indicated that all eight strains of tobacco mosaic
which he studied co ntained small amounts of lysine.
Wyckoff (104) confirmed the presence of lysine, but

denied the presence of histidine. Hoagland, Smadel, and
Rivers (36) discovered 1.9 per cent cystine in elementary bodies of vaccinia; no other reports of amino
acids in vaccinia have been found.
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Knight's (49) analysis of eight different tobacco
mosaic virus strains permitted him to reach the conclusion that the strains differed in amount and kind
of amino acids.

Knight (49), Wyckoff (104), and Baw-

den (8) agree that the variations in amino acid content may prove to be differentiating points between
viruses.

Wyckoff (104) also suggests that the differ-

ence in amino acid content between viruses may help in
determining the reason for specificity;

he reasons

that the lack of a necessary amino acid may reouire
the virus to acquire a given host, given tissue, or
given cell, which would supply the essential amino acid
or acids before the virus could grow.
Harrow {34) describes the nature of nucleic acids
in a very clear manner .

In the first place, hydroly-

sis of a nucleoprotein yields a protein and nucleic
acid .

In the second place, nucleic acids are of two

types, the yeast nucleic or ribonucleic acids, and the
animal or thymonucleic acids.

Complete hydrolysis of

yeast nuc-leic acids yields phosphoric acid, d-ribose,
adenine, guanine, cytosine, and uracil; and complete
hydrolysis of animal nucleic acids produces phosphoric
a.cid, d-2-desoxyribose, adenine, guanine, cytosine, and
t hyrnine.
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All of the twenty or so purified viruses have been
reported to contain nucleic acid (60).

Stanley (89)

reports that the tobacco mosaic nucleoprotein contains
a true nucleic acid, for hydrolysis yields guanine,
cytosine, adenine, and. uridylic acid--the composition
of the yeast type nucleic acid.

The nucleic acidg of

the plant viruses have invariably been of the yeast or
ribonucleic type (60).
On the other hand , the nucleic acid found in elementary bodies of vaccinia is mainly of the animal or
thymonucleic type (35).

Lennette (60) postulates that

since the plant viruses are of the yeast type, whereas
the vaccinia virus is of the animal variety, this may
be a difference between plant and animal viruses.

The

differentiating point is untrue, because influenza A
virus is reported to be composed of yeast nucleic acid
(42).

It can be stated, then, that all plant viruses

contain ribonucleic acids and that animal viruses may
consist of either ribonucleic or thymonucleic a.aids.
The chemical composition of all viruses is not
restricted to proteins and nucleic acids.

For example,

lipoids have never been found in plant viruses, but
they have been discovered in some animal viruses, such
as eastern strain equine encepbalomyelitis, vaccine
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virus, chicken tumor I virus, and papilloma virus (60).
Lipoids, carbohydrates, and nucleoproteins appear in
almost stoichiometric proportions in analyses of vaccinia elementary bodies (40).
Attempts to di~cover substances known to be essential to metabolic activity in living organisms have resulted in the finding of several new compounds in the
makeup of some viruses; but none have proven anabolic
and catabolic activities (77).

In 1938, catalase and

phosphatase, but no dehydrogenase, were reported in
vaccinia elementary bodies (66).

Because these vitamin

catalysts and copper (see above) are common to protoplasm, Hoagland, Ward, Smadel, and Rivers (40) searched
for other components indicative of metabolic activities.
Flavin, an essential component of animal protoplasm,
has been found in vaccinia virus; but, as the discoverers point out (39), it may be a contaminated, rather
than an actual, component of the virus.

Biotin rm.1st be

intimately associated with vaccinia elementary bodies,
since it can be released only by hydrolysit:" (37) (40).
These men found phospbatase, catalase, and lipase activity; but they did not discover any proof that these substances were a part of the virus (40).

With present

met hods of isolation, enzyme constituents cannot be
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proven to be an integral part of the virus, because
they may be contaminents from infected cells adsorbed to the virus surface (40).
V

Reaction to Physical and Chemical .Agents
The action of physical and chemical agents on the
filter-passing entity broadens one's knowledge about
the nature of the virus.

Although glycerin has an un-

favorable action on bacteria, it conserves viruses
(102).

Desiccation in vacuo at low temperatures pre-

serves virus activity, although a few viruses, such as
trachoma, are destroyed (102).
most viruses (92).

Heat rapidly destroys

Bile salts inactivate many filter-

passing infectious particles (87).

Aerobacter aero-

genes and Aspergillus niger are capable of producing
substances which inhibit virus activity, but which do
not destroy the virus (45).

Juice s of some insects

inhibit the action of tobacco mosaic virus (93).

With

the exception of the action of sulfanilamide on trachoma, inclusion blennorrhea, and lymphogranuloma venereum virus, no effective chemotherapeutic agent has
been discovered wh ich will inactivate or kill the virus (102).

Supersonic vibrations of 8 , 900 cycles per

second inactivate pure preparations of viruses, but
if the virus is contaminated with rabbit serum, for
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example, the virus activity is retained (78).

In

general, the virus is very unstable to chemical man"ipulat ion (104).
Knowledge of the physical and chemical properties
of the filtrable, disease-producing agents has been
added to our conception of the nature of the virus.

We

have seen that the infinitely small size of the virus
and the inadequate knowledge about the chemical structures of proteins in general have prevented any great
discoveries about the chemical architecture of this
infectious entity.

Despite these handicape, phy8ical

and chemical studies have proven that (1) if the virus is a molecule, it is peculia.r in its relatively
large size and great weight; (2) the virus is a nucleoprotein; a.nd (3) the size, shape, a.nd chemical complexity va:ry over a great range, when all viruses are considered.

In general, the animal viruses are large,

round, and chemically complex; the plant viruses are
small, usually crystalline, and chemically simple.
Now that the definition, the physical nature, and
the chemical composition of the virus have been discussed, the nature of the virus must be considered in
the light of the ways and means by which it affects
man.

Using this reflection of what we can see in man

as an indication of the nature of the virus, we must
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first learn how the virus infects man (epidemiology)
and then must study how the tissues react to infection
(pathology).

VI
Epidemiology

As with the variability of all the other properties of the virus, the communicability of virus diseases ranges from the gr eatest in smallpox a.nd measles
to the least in herpes zoster (102).
viruses contact man in many ways.

Like bacteria ,

Findlay ( 24) lists

the following means by which the spread of virus infection may occur:

direct contact (i nfective warts and

molluscum contagiosum), coitus (lymphogranuloma inguinale and coital exanthema of cattle), droplet (influenza, common cold, poliomyelitis, and measles) , contaminated clothes (smallpox), fecal material (psittacosis), infected carcasses (swine fever) , bite (rabies),
and insect bites (yellow fever and dengue).
The epidemiolo gical study of viruses is a new and
difficult subject .

Not only the small size of the vi-

rus, but also its ability , in some cases, to grow in
certain hosts without clinical sympt oms (35) provide
two great proble m9.
Another comp~icating factor in the study of how
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and where the viruslives is Schwartzman•

(83) recent

conjecture that the virus of St . Louis encephalitis
traveled around the world between 1.914 and 1934, and
that, in so doing, it changed its insect host several
times.

He explains that in 1914 louping ill , a dis-

ease of sheep and man, was found in Scotland.

In 1917,

a disease of sheep and man, Australian x disease, was
discovered in Australia,

In the early thirties, a

disease known as Japanese B encephalitis was epidemically infecting the masses of Japan, and the factor here
as a mosquito.

The disease spread from Japan to St .

Louis in 1934, and to Russia in 1938.

In this latter

case, the disease had become tick-borne .

Because all

these viruses were cross-immunologically related,
Schwartzman conjectures that the disease traveled from
England to Australia, and then from Australia to Japan,
from whenc e it spread to the United States and Russia.
Since many protozoa show development al cycles,
many workers have attempted to discover the cycles
among viruses.

Sulkin (98) states that developmentaJ.

cycles have been described in connection with the
agents of inclusion blennorrhea, tracboma, vaccinia,
psittacosis, and lymphogra.nuloma venereum.
The most striking success of epidemiologists in
discovering the life cycl es of viruses haA been the
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following of the swine influenza virus throughout a
cycle of hosts (90) (83).

It is bel i eved that swine

influenza virus is harbored within lung worm larvae, a
nematode parasite of pigs, which, in turn, are found
wi thin earthwor ms .

The lung worm's life cycle, as de-

termined by Schwartz and Alicata (82), may be briefly
summarized as follows.

The eggs are laid by the adult

female lung worm in the bronchi of the infected swine,
and are then coughed up and swallowed, to be excreted
in the feces.

Earthworms ingest the eggs, and these

hatch, the larvae awaiting ingestion of the earthworm,
in turn, before they can infect a heal t by pig.

Within

the pig, the larvae migrate to the lungs by way of the
blood stream and lymphatics, here to become adults.
This entire life cycle may require several yea,rs.
Ingestion of the earthworm by pigs will result
in swine influenza, provided there is another factor
present.

This other provocative stimulus, the pres-

ence of influenza suis bacillus, provides another
theory on how some viruses, at least, produce disease.
This theory assumes that, in some manner, the virus
requires the presence of a bacterium before pathological changes '1111 occur.

In order to ~ubstantiate

this new idea, Schwartzman (83) has carried out a series of experiments--;-- First of all, he infected e.wi ne

-7 2-

with bacteria-free swine influenza virus and discovered
that the resultant disease was either extremely mild or
entirely absent.

Then he infected swine with influenza

suis bacilli to find that the pigs developed no clinical symptoms .

Finally, he injected a combination of the

virus and the bacilli , whereupon the clinical and pathological symptoms of swine influenza. developed .

Horsfall

(42) suggests that the characteristics of the bacterial
flora in the nasopha.rynx may play a role in determining
the susceptibility of an individual to human influenza.
The route of invasion taken by the viruses in the
susceptible host may determine, in an important manner ,
the sites of localization and pathological manifestations (83).

Findlay (24) lists the following means by

which viruses enter the body :
(1)

Lightly scarified skin -- warts, molluscum
cont agi osum, herpes, and l ymphocyt i c chori omeningi tis.

(2)

Trauma by bite -- rabies, yellow fever.

(3)

Conjunctiva -- trachoma, inclusion conjunctivitis, herpes, lymphocytic choriomeningitis.

(4)

OraJ. mucosa -- dog and rabbit warts , mumps .

(5)

Nasopharyngeal mucosa -- measles, acute
coryza, variola, and varicella.
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(6)

Respiratory rm.icosa -- influenza, psittacosie,
and laryngotracheitis of fowls.

(7)

Genital mucosa -- warts, lymphogranuloma inguinale, herpes, and exantherna pustulosum
coital e of cattle.

( 8)

Alimentary canaJ. mucosa (rare) -- polyhedral
and wilt disease of caterpillars and swine
fever .

(9)

Placental transmission -- vari ola, var icella,
and Rift Valley fever.

Once in the body, the viruses may infect cells at
their point of entrance or in tissue located elsewhere
(24).

Viruses are excreted from the body by secretions

of respiratory mucosa (poliomyelitis, influenza, common
cold), of salivary glands (rabies, mumps, herpes), of
skin (variola and varicella), and of urine (lymphocytic
. choriomeningitis in mice), and by excretion of feces
(psittacosis and fowl-pest) (24).

VII
Pathological

Response

The pathological response to

R

virus depends upon

the virus involved. (102), the host involved (76) (31),
and the point of entrance (24).

The listing of these
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factors does not indicate that the majority of influences are understood, and the reader can deduct , from
material BJ.ready presented, that very little is actually known about this subject.

Antibody formation,

cell immunity, and bacterial synergism are examples of
factors yet to be fully explained .
Pathological changes induced by viruses range
from a complete symbiosis between host and virus cells
to rapid necrosis.

Thygeson (102) ~tates that during

the latent period of herpes simplex a symbiosis exists
between host cell and virus which is so well balanced
that there is no pathological response .
coma virus causes extreme proliferation

The Rous sar-

of

cells (5) .

Virus infections often produce inflammatory changes ,
such as in the common cold (5) .

Rapiq cellular death

is the pathological response to the yellow fever virus (102).

Thus, it can be concluded that the viruB

causes cellular chan ges similar to those produced by
bacteria .
The pathological response of oroliferation to certain viruses immediately suggests an etiological factor
in the production of neoplasms .

The virus theory of

cancer postulates the occurrence of tumor viruses ,
widely distributed in the animal kingdom, which are
normally latent, -but which may be activated by some
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Rtimulus, such as the application of a carcinogenic
hydrocarbon (4).
Many tumors have been nrod.uced by inocula,t ion of
filter-passing tumor filtrate into resnonsive tissue.
Rous sarcoma of chickens is the classic examnle of a
virus-caused tumor (80); but filter-naRsing- a.~ents
also cause a variety of mesodermal growths in fowls
(fibromas, sarcomas, myxomas, oRt~omas, chondromas,
and lymphoid tumors) (102), as well as leukemias and
an endothelioma (13) .
transolanted (26.1).

A carcinoma of chicken has been
Shope 1 s (85) tumor of rabbits

has a virus cause.
Despite the discovery of virus tumors in animals,
no human cancer has been transmitted by a cell-free
filtrate (102).

Murphy (69) explains, hov,ever, that

unsuccessful attempts to find viruses in mammalian
tumors are not proof of their absence, because (1) their
extreme specificity may limit their invasive, if not
their tumor-producing, qualities , and (2) some biologically active substances, such as hormones ann enzymes,
are so extremely sensitive to manipulation that their
existence is often very difficult to demonstrate. Thygeson (102) states that the virus might not be isolated,
because it could conceivably be masked by antibody, a
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phenomenon which occurs not infrequently during the
recovery stage of the typical virus infections.

An-

drewf:1 (5) experimentally proved Thygeson 1 s theory when
he discovered that Shope I s rabbit fibroma virus could
not be isolated from cells suspended in its antiserum.
Furthermore, Murphy (69) and Claude (21) have actually
isolated and described the properties of inhibitors in
some tumors caused by viruses.
Andrews (5) points out that the virus etiology is
the only truly plausible theory of carcinogenesis, because other so-called carcinogenic agents can never be
isolated from a tumor after transplantation, whereas
the carcinogenic viruses can be found in any tumor
they produce.

He also emphasizes that tar, worms, and

other agents considered ~o be the cause of cancer produce tumors only after a long, latent period, whereas
the virus of Rous sarcoma, for example, acts immediately.
VIII

Philosophical Discussion
Now tha.t the nature of the virus has been discussed in all its -aspects, we can look to the future
for scientists to pool their knowledge, so that one
day a similar thesis on this topic may be written with
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much more definite information.

That this day may not

be so far in the future is indicated by the ex.tensive
virus research being conducted at the present time.
Furthermore, the ~tudy of the nature of the virus is
reciprocally beneficial to all field8 of science and,
therefore, stimulates research by a.1.1 scientists, be
they virologists, immunologists, bacteriologist . . , ,
physicists, chemists, physicianR , genet icists, enzymologists, epidemiologists, or pathologists .

Indeed,

the study of life itself may be unfolded through the
discoveries about viruses, for if the filter-passing
entities a.re proven to be molecules, the intrinsic
patterns of these nonseparable particles may be that
of protoplasm in general .
Finally, the virus may be the link connecting the
living with the nonliving, and thus may extend the
theory of evolution to include the nonliving molecule
as the origin of all living things.

It is, therefore,

only proper to conclude this paper with a ouotation
from one of the leading research workers in the field
of virology, Dr. Stanley (90), whose name bas been mentioned throughout this thesi~.

He stated, "It is diffi-

cult, if not impossible, to place a sharp line separating living from nonliving things when one considere
a series of structures of gradually increasing
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complexity, such as would be represented by hydrogen,
water, benzene, ergosterol, egg albumin, insulin,
pepsin, tobacco mosaic virus, papilloma virus, vaccine
virus, pleuropneumonia organism, bacteria, a mammal
like a dog, and intervening entities. 11
Conclusions
1.

The virus can be defined only by the properties

it exhibits--filtrability, specificity, production of
inclusion bodies, and immunological reactions;

fur-

thermore, no single property is sufficiently all-inclusive to establish the presence of the virus.
2.

The virus is so highly specialized that it will

reproduce only in living cells of a specific host, of
a given tissue, and in a definite state of activity.
3.

Antibody neutralization .of virus activity does not

completely explain immunity to virus diseases.

Virolo-

gists, therefore, have developed the cell theory of immunity to help explain how reinfection of formerly
diseased organisms may be prevented.

Since antibodies

can nullify only extracellular virus activity, this
theory assumes that the virus chronically maintains itself intracellularly, from whence it produces antibodies which prevent either the virus of external origin
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or the virus within the cell from infecting normaJ. cells.
4.

Viruses are found in the forms of elementary bodies,

crystals, or ultrrunicroscopic particles.
5.

It is not known whether viruses are molecules or

living organisms.

Present knowledge eeems to indicate

that the larger viruses are closely related to bacteria,
whereas the smaller viruses portray characteristics eim-,.
ilar to those of molecules.

This assumption is based

upon the following experimentai findings:
(1)

The sizes of the smaller viruses are of macromolecular proportions; the sizes of the larger
viruses approximate those of rickettsias, the
smallest living organisms known .

(2)

The structure of the giant viruses is complex,
but the morphology of the dwarf viruses ie
simple.

(3)

Chemical studies on the filter-passing agents
reveal a relatively simple architecture of
the little viruses, but a complex composition
of the big viruses.

(4)

Irradiation experiments based on the target
theory provide sound evidence that the smaller
viruses are single, large molecules, and that
the larger viruses are aggregates of molecules.

-80-

6.

The exact chemical structure of viruses is not

known.

It can be definitely stated, however, that all

viruses are composed largely of nucleoproteins.

Final-

ly, all plant viruses contain yeast nucleic acid, but
animal viruses may contain either yeast or thymic types
of nucleic acid.
7.

Viruses vary tremendously in size and sha.pe, but

each has a characteristic size and shape .
8.

Action of viruses on living cells produces patho-

logical changes ranging from complete necrosis to extreme proliferation.

The latter cellular reaction

suggests a carcinogenic nature of the virus.

Because

many tumors are definitely known to have a virus etiology and since inhibiting substances have been discovered
in many tumors which cannot be proven to have a virus
cause, the virus as a carcinogenic agent is one of the
most plausible ideas of carcinogenesis .

In at least

one case, that of swine influenza virus and suis i nfluenza, bacillus, the pathological action of the virus requires the symbiosis of virus and bacterium.
9.

The nature of the virus proves that there is no

set line dividing the living from the nonliving.
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